CRITICAL ITEMB Lzsg'

PROJECT: SRMS

ASS*Y HOMENCUATOWE: END _EFFECTON

SYSTEM: MECHANICAL ARM SUBSYSTEM
Ass*y p/N: STYLOETL70-1E-3

SHEET:

FMEA FHEA | NAME, QTY, & FAILURE MODE FAILURE EFFECT HDWR / FUNC. RATIONALE FOR ACCEPTANCE
REF . REV. oravinG REF. AND oN 2/
DES1GNAT 10N CAUSE END ETEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3530 2 MOTOR WODULE | MODE: €ND EFFECTOR DESIGN FEATURES

ASSEMBLY LOSS Of CANNOT CLOSE OR

arY-1 P/N DRIVE TO OPEM SWARES.

S1140E14T3 SHARE 105$ OF THE END EFFECTOR CLUTCH IS A MAJOR BOUGHT-OUT-PART WHICH 1S

oR MECHAMISM. CAPABILITY 10 SUPPLIED BY HONEYUELL SPERRY CORPORATION AND MEETS OR

51140£2203 CAPTURE OR EXCEEDS THE REQUIREMENTS OF SPECIFICATION SPAR-5G.450
CAUSE(S): RELEASE PAYLOAD FOR P/N 511400575-1 AND SPAR-SG.1092 FOR P/N511400575-3.
(1) RIGIDIZE IN PRIME MODES.
CLUTCH FAELS | ARM WILL REMAIN THE FOLLOWING 1S A LIST OF DESIGN CHARACTERISTICS THAT LIMIT
TO DISENGAGE LIMP 1F THE POSSIBILETY OF AN OPEN DR SHORT CIRCUIT 1N THE UWIT
DUE TO PERFORMING AUTO WINDINGS:
SHORT /OPEN CAPTURE.
CIRCUIY THE INSULATION SYSTEM IS CLASS 185 (185 DEGREES C) OR BETTER
WINDINGS OR WORST CASE AND 1S PROVEM THROUGHM YEARS OF USE.
stRucturaL? | ------
MECHANICAL UNEXPECTED THE VIRE USED IN THE UNITS IS HEAVY ML MAGNET WIRE WHICH HAS
FAILURE. PAYLOAD NOFION. AN EXTRA COAT OF INSULATION ON THE MAGNET WIRE.
(2) SNARE 1HCOMPLETE
BRAKE CAPTURE /RELEASE THE WINDINGS ARE PREBAKED AFTER THE WINDINGS ARE FORMED BUT
FAILS TO SEQUENCE. PRIOR TO INPREGNATION. THIS 1S A STRESS RELIEVING OPERATION OF
DISENGAGE UNABLE T0 BOTH THE COPPER MIRE AND VHE INSULATION, PERFORMED TO MINIMIZE
DUE TO RELEASE ANY DEGRADATION DURING PROCESSING.
WINDENG PAYLOAD. CREM :
SHORT /OPEN ACTION KAPTON TAPE 1S APPLIED OVER THE BOBBIN AND WINDINGS 0.D. TO
gl‘tﬁﬁﬁnﬂz REQUIRED. PROTECT THE MAGHET WIRE DURING PROCESSING AND TNSTALLATION.
MECHANICAL REOUNDANT PATHS THE UNIT 1S IMPREGNATED WITH 100X SOLID EPOXY THAT IMPROVES
FAILURE. REMAINING THE COIL MECHANICAL PROPERTIES ESPECIALLY DURING VIBRATION AND
(3) DRIVE | =--==---z-en-oee HELPS THE UNIT RUN COOLER BY INCREASING THE EFFECTIVE THERMAL
TRAIN BACKUP £E CONDUCTION METHIN THE WINDING MASS.
FAILURE RELEASE.
BEARINGS, LT SHOULD BE NOTED THAT THE MAGNET WIRE USED [N THE WINDINGS
GEAR OF THESE UNITS 1S SINGLE STRAND.
SHAFT KEYS.
(&) SHARE 10 LIMIT THE POSSIBEILITY OF A LOSS OF INPUT VOLTAGE DUE TO AN
CLUTCH FAILS OPEN LEAD WIRE ALL SOLDERING S ACCOMPLISHED BY OPERATORS
10 ERGAGE. WHO ARE TRAINED AND CERTIFIED TO NASA WHB 5300.4 (3A)
55)I35:¥uu5 STANDARD, AS MODIFIED BY JSC OBB0DA.

£ IHPU

BEARING ON THE CLUTCH SHAFT AND ARMATURE ARE CONNECTED BY A SPLINE WHICH
BACKUP PROVIDES ROTATION TO THE ARMATURE AND ALLOWS AXIAL SLIDING FOR
CLUTCH. ENGAGEMENT AND OFSENGAGEMEWT. THE FOLLOMING IS A LIST OF

CHARACTERISTICS 1O LIMIT THE POSS1BILLTY OF THE CLUTCH
HANGING-UP DUE TO MECHANICAL BINDING OF THE SPLINE:

THE SPLINES ARE MATCH-MACHINED FOR A PRECISE AND SMOOTH FIT.
SERIALIZATION OF YHE MATCHED PARTS ASSURES PROPER ASSEMBLY.

THE MATCHED SHAFT AND ARMATURE ASSEMBLY 1S INSPECTED FOR
PROPER CLEARANCE AND SMOOTHNESS OF OPERATION.

THE UNIT IS TESTED A MINIMUM OF SEVEN TIMES DURING ACCEPTANCE
TESTING FOR POTENTIAL BINDING. THE TEST CONSISTS OF APPLYING
FULL RATED LOAD TORQUE WITH THE UNIT ENGAGED. A VOLTAGE 1S
THEN APPLIED TO PISENGAGE THE UNIT. THE TIME FROM APPLICATION
OF VOLTAGE UNTIL FULL DISENGAGEMEMT 1S MEASURED. AKY BINDING
OF THE ARMATURE WOULD EI1THER PREVENT DISENGAGEMENT OR CAUSE AN
EXCESSIVE TIME DELAY.

ni AeT OF
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CRITICAL ITEHB_L!_B_‘!

" PROJECT: SRMS

SYSTEM: MECHANICAL ARM SUBSYSTEM

- ASS'Y NOM T ass+y P/N: STILOEIL70-TE-3 — SHEET: __ 2
FMEA FMEA | WNAME, QTY, & | FAILURE MODE FALLURE EFFECT HOWR / FUNC. RATIONALE FOR ACCEPTANCE
REF . REV. pRAWING REF. AND ON 2/1m
DESIGNAT EON CAUSE END 1TEM CRIVICALITY SCREENS: A-PASS, B-PASS, C-PASS
3630 2 MOTOR MODULE | WODE: END EFFECTOR
ASSEMBLY L0SS Of CANMOT CLOSE OR THE SPINES ARE LUSRICATED W1TH MOLYBDENUM DISULFIDE.
arY-1 P/ DRIVE 10 OPEN SHARES.
5114061473 SNARE LOSS OF THE UNIT LOAD LEVELS ON THE SPLINE ARE LOW.
oR NECHAHISH. CAPABILITY 10
51140E2203 CAPTURE OR IT SHOULD BE NOTED THAT THESE UNITS DO MOT UTILIZE REDUNDANT
CAUSE(S): RELEASE PAYLOAD SPLINES.
1) RIGIDIZE N PRIME MODES.
CLUTCH FAILS | ARM MILL REMAIN THE BEARINGS ARE WET LUBRICATED WITH BRAYCOTE 3L-38RP
TO DISENGAGE LIMP IF
10 PERFORNING AUTO THE HEAVIEST AMOUNY OF FRICTION MATERIAL DEBRIS IS GENERATED
SHORT/OPEN CAPTURE. DURING THE CALIBRATION RUN-IN OF THE UNIT. THE RUN-IN
ClRCUIT COHSISTS OF ROTATING THE UNIT IN OME DIRECTION AT 5O RPM FOR
WINDINGS OR WORST CASE X TOTAL OF 16 HOURS MINIMUM USING A DUTY CYCLE OF 10 SECONDS
STRUCFURALF | --==<==--- ENGAGED AND THEN 10 SECONDS DISENGAGED. THE UNITS RECEIVE A
MECHANICAL UNEXPECTED VERY LIMITED AMOUNT OF SLIPPING DURING ON WMESSION USAGE.
FAILURE. PAYLOAD MOTIOH. OEBR1S IS PREVEWTED FROM ESCAPING FROM THE -3 CLUTCH USED 1N
(2) SNARE INCOMPLETE THE S1140E1470-3 END EFFECTOR WITH A LABYRINTH NETWORK.
BRAKE CAPTURE /RELEASE
FAILS TO SEQUENCE. THE AIR GAP OF THE UNIF IS VERIFIED TO MEET A MINIMUW VALUE
D1SENGAGE UNABLE TO BY THE END PLAY TEST (LARGEST APPLIED LOAD) DURING ACCEPTANCE
OUE 10 RELEASE TESTING.
WINDING PAYLOAD. CREW
SHORT FOPEN ACTION THE STRIPDOWN AND INSPECTION OF FLIGHT HAROWARE RETURNED
FALLURE OR RECUIRED. FOR REFURBISHWENT HAS REVEALED THAT A SIGNIFICANT AMOUNT OF
STRUCTURAL/ FRICTION MATERIAL DEBRIS MAY HAVE ACCUMULATED AT THE UNIT
MECHANICAL REDUNDANT PATHS END-OF-LIFE. 1I¥ IS VERAY UNLIKELY; HOWEVER, THAT SUFFICIENT
FAILURE. REMAINING FRICTION DEBRIS COULD ACCUMULATE BEHIND THE ARMATURE OR
(D DRIVE | =oo===-cmeme-ee BETVEEM THE FRICTION SURFACES, SO AS TO AFFECT THE UNITS
TRATH BACKUP EE PERFORMANCE
FAILURE RELEASE.
zganms, CONNECTOR USED ARE TO GSFC SPECIFICATION §.311.P.4/9.
srmux;!vs. COKTACTS USED ARE TO GSF SPEC.S.311.P.4/9.
€4) SHARE
CLUTCH FAILS CRIMPING 1S COMTROLLED TO SPAR PPS 9:17 WHICH EWBODIES
TO ENGAGE. MSC-SPEC-G-1A.
¢5) SELZURE
OF INPUT THE END EFFECTOR BRAKE 1S A MAJOR BOUGHT-OUT-PART WHICH IS
BEARING OM SUPPLIED BY HOKEYWELL SPERRY CORPORATION AND MEETS OR
BACKUP EXCEEDS THE REQUIREMENTS OF SPECIFICATION SPAR-SG.431 FOR
CLUTCH. B/A 511400574 16-3 AND SPAR-SG.1093 FOR P/N 5114002219-1.
THE CALIPER BRAKE INCORPORATES MANY DESIGH FEATURES TO IMPROVE
THE BRAKES CAPABILITY AMD GIVE HIGHER RELIABILITY AS FOLLOWS:
. SLIP TORQUE CAPASILLTY UP TO 85 0Z-IN. .
. - JOTAL INTERNAL COMTAINMENT OF FRICYION DEBRIS WITH THE USE
' OF LABYRINTH PATHS AND THE PLACEMENT OF THE FRICTION DISKS
OH THE OPPOSTTE EMD OF VHE BRAKE SHAFT FROM THE PIHION GEAR.
- WECHANICALLY REDUMDANT SLIDING SPLINES FOR THE CALIPER DISK.
- MECHANICALLY REDUNDAMS LOCATING PINS WLTH VESPEL SLEEVES FOR
DISK LOCATION.
. BEARING LOADS ARE REDUCED BY A 5 70 1 FACTOR OVER THE
ORIGINAL E/E SHARE BRAKE P/N 511400574-3.
- SLIDING SURFACES ARE LUBRICATED WITH MOLYBDENUM DISULFIOE.
- BEARINGS ARE WET LUBRICATED WITH BRAYCOTE 3L-38RP.
AR GAP CAN BE ADJUSTED WITHOUT BRAKE DISASSEMBLY.
PREPARED BT: MEWG SUPERCEDING DATE: 06 OCT B7 APPROVED BY: DATE: 26 JuL 91 CIL REV: _2

e

RMS/MECH - 16



CRITICAL ITEMB LIBT PROJECT: SRMS SYSTEM: MECHANICAL ARM SUBSYSTEM
—— - ASS'Y NOMEN : Ass'Y P/H: STVZOEVA70-IK-3  SHEET: 3
FMEA FMEA NAME, QTY, & FAILURE MODE FAILURE EFFECT HDWR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. orawinG REF. AND oN 2/1R
DESEGNATION CAUSE END 1TEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3630 2 MOTOR MODULE MODE : END EFFECTOR THE BRAKE DESIGN FEATURES THAT LIMIT THE POSS1BILITY OF AN
ASSEMBLY LOSS OF CANNDT CLDSE OR OPEN OR SHORT CIRCUIT IN THE WINDINGS ARE THE SAME AS THE
o1Y-1 P/N BRIVE 10 OPEH SNARES. FEATURES FOR THE CLUTCH DISCUSSED PREVIOUSLY [N THIS CIL I1TEM.
S1140E1473 SNARE LOSS OF
oR MECHANLSM. CAPASILITY 10 ALL SRMS GEARS ARE DESIGNATED 1N ACCORDANCE WETH AGMA
51140€£2203 CAPTURE OR STANDARDS TO GIVE A MIMIMUM OF IMFIMITE LIFE. THE DEFINITION
CAUSE(S): RELEASE PAYLOAD OF INFINITE LIFE 1S THE CONDITION WHERE 10**7 MESH CYCLES OR
€1) RIGIDIZE 1N PREME MODES. MORE AT THE APPLIED LOAD WILL NOT RESULT 1M TOOTH FAILURE.
CLUTCH FAILS ARM WILL REMAIN _
10 DISENGAGE LINP IF FOR THIS (THESE) GEAR {S) YHE CALCULATED LIFE WAS NOT BASED OR
QUE 10 PERFORMING AUTO CONTROLLED BY CONSIDERATIONS OF STRESS, BUT INSTEAD WERE S1ZED
SHORT /OPEM CAPTURE. YO SATISFY SPECIAL CONSTRAINTS. COMSECUENTLY, THE MESH 1S MELL
CIRCUIT WITHIN THE DEFINITION OF INFINITE LLFE AND THE FAILURE NODE
WINDINGS OR WORST CASE STATED IN THE FMEA IS REMOTE.
STRUCTURALS | --=c-==---
MECHAN ICAL UNEXPECTED THE SOLID FILM LUBRICANT SYSTEM USED IS LUBECO 905.
FAILURE. PAYLOAD MOTEON. THIS COMPRISES A SPRAY AND CURE (500 DEGREES F)
(2) SNARE INCOMPLETE APPLICATION OF MOLYDEMUM DISULPHIDE, IM AN 1N ORGANIC
BRAKE CAPTURE /RELEASE SINDER APPLIED PER PPS:28:11 AND 28:13. BURNISHING AND RUN 1N
FAILS TO SEQUENCE . PER SPAR PPS 28:14. THE LUBRLCATED BEARING !S TORQUE
D1SENGAGE UNABLE 10 TRACED TO ENSURE ACCEPTABILITY PER SPAR PPS.28:14.
BUE TO RELEASE .
MINDING PAYLOAD. CREW THE GREASE LUBRICAMT USED 1S BRAYCOTE 601 (FORMERLY 3L-38RP)
SHORY FOPEN ACTION WHICH WAS A PERFLUORINATED POLYETHER OIL BASE WHICH IS VERY
FAILURE OR REQUIRED. STABLE UNDER VACUUN ENVIRONMENT.
STRUCTURAL/
MECHANLCAL REDUNDANT PATHS THE GREASE 1S APPLIED 1M PRECISE OUANTITY TO EACH BEARING.
FAILURE. REMAINING
(3) DRIVE | =---=c-cavev-ee THE LIFE OF THE BEARING LUBRICATION HAS BEEN AMALYZED USING
TRAIN BACKUP EE ULFIMATE LOADS TO EVALUATE HERTZIAN STRESSES. ULTIMATE LOAD =
FAILURE RELEASE. 1.4 X WORKING LOAD. THE LUBRICANT ON ALL BEARINGS 1S GOOB FOR
gg::mss, OVER 400 MISSIONS USING THE ULTEMATE LOADS.
SHAFT KEYS. THE END EFFECTOR PRIME AND BACK-UP RELEASE CLUTCH DESIGNS
(4) SNARE UTIL1ZE THREE BEARINGS, TWO OF WHICH ARE IDENTICAt. THE
CLUTCH FAILS BEARINGS ARE PERMANENTLY LUBRICATED WITH WET LUBRJCANT. THE
TO ENGAGE. TWO EDENTICAL BEARINGS ARE SEALED MITH TEFLON SEALS AND THE
(5) SEI2UR OTHER IS SEALED WITH TEFLON COATED FIBREGLASS SEALS, BOTH
OF 1NPUT SIDES, 70 PREVEMT THE INGRESS OF DEBRIS.
BEARING O
BACKUP BEARINGS ARE LOCATED [N NON-DEBRIS PRODUCING AREA OF
CLUTCH. ASSEMBLY.
ABENRABEN DY MELUN SUPERCEDING DATE: 06 OCTY a7 APPROVED BY: DATE: 24 JUL 91 CIL REV: 2




CRITICAL ITEMS8 LIST

PROJECT: SRMS

SYSTEM: MECHANICAL ARM

SUBSYSTEM

i o o ASS'Y NOMENTLRTURE: ERD_ETFECTOR ass*y p/R: - SHEET: __ &
FMEA FMEA | MNAME, 01Y, & | FALLURE MOOE FAILURE EFFECT HOMR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. prauing REF. AND oN 2/1R
DESIGNATION CAUSE END LTEM CRETICALITY SCREENS: A-PASS, B-PASS, C-PASS
3630 2 MOTOR MODULE | MODE: END EFFECTOR ACCEPTANCE TESTS
ASSENBLY LOSS OF CAHNOT CLOSE OR | <=semmmmeen--a--
aty-1 P/ DRIVE TO OPEN SNARES. THE EE ASSEMBLY IS TESTED TO THE FOLLOWING ACCEPTANCE
5114081473 SHARE L0SS OF ENVIRONMENTS :
or MECHANISM. CAPABILTIY TO
51140E2203 CAPTURE OR O VIBRATION: LEVEL AND DURATION - REFERENCE TABLE 7
CAUSE(S): RELEASE PAYLOAD
(1) RIGIDIZE IN PRIME MODES. O THERMAL VACUUM: +70 DEGREES € TO -25 DEGREES € {1 1/2
CLUTCH FAELS | ARM WILL REMAIN CYCLES) 1 X 10°*6 TORR
70 DISENGAGE LIMP 1F
10 PERFORMING AUTO THE EE ASSEMBLY IS FURTHER TESTED IN THE IN THE RS SYSTEM
SHORT /OPEN CAPTURE. TEST (TPS18 RMS STRONGBACK AND TP552 FLAT FLOOR TESTS) WHICH
CIRCUIT VERIFIES THE ABSENCE OF THE FATLURE MODE.
VINDINGS OR WORST CASE
STRUCTURALY | ---------- QUALIFECATION TESTS
MECHANICAL UNENPECTED | =e==--escccecasaces
FAILURE, PAYLOAD MOTION. THE EE ASSENBLY QUALIFICATION VESVING CONSISTED OF THE
(2) SNHARE INCOMPLETE FOLLOMING ENVIRONMENTS:
BRAKE CAPTURE /RELEASE j
FAILS TO SEQUENCE. O VISRATION: LEVEL AND DURATION - REFERENCE TABLE 7
D1SENGAGE UNABLE TO
DUE TO RELEASE 0 SHOCK: 20G/711 MS - 3 AMES (6 DIRECTIONS)
VINDING PAYLOAD. CREN
SHORT /OPEN ACTION 0 THERMAL VACULM: +81 DEGREES C TO -36 DEGREES C (6 CYCLES)
FAILURE OR REQULRED. 1 X 10%%6 TORR
STRUCTURAL/
MECHANICAL REDUNDANT PATHS O HUNIDITY: 95% RH (65 DEGREES C MAINTAIMED FOR 6 WRS)
FATLURE. REMAINENG (65 DEGREES € VO 30 DEGREES C IN 16 HRS)
(3) DRIVE | =eev---o--oomen 10 CYCLES 240 HRS.
TRAIN BACKUP EE
FAILUSE RELEASE. 0 EMC: MIL-STD-461A AS MODIFLED BY SL-E-0002 (TEST
g::mns, CEQY, CEO3, cSO1, CS02, €S06, REQ2 {(N/B))
SHAFT KEYS. O STRUCTURAL STIFFNESS AND LOAD TEST
(4) SHARE
CLUTCH FAILS
0 ENGAGE. FLIGHT CHECKOUT
SySElZwRE | 0000 | smemeseseeso-e-
OF INPUT PORS OPS CHECKLIST (ALL VEWICLES) JSC 16987
. BEARING OM
BACKUP
CLUTCH.
PREPARED BY: HEWG SUPERCEDING DATE: 06 OCT B7 APPROVED BY: DATE: 24 JUL 91 CIt REV: _2
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CRITICAL ITEMB LIBT

PROJECT: SRMS

SYSTEM: MECHANICAL ARM SUBSYSTEM

(1) RIGIDIZE
CLUTCH FAILS
10 DISENGAGE

STRUCTURAL/
MECHANICAL
FATLURE.
52) SNARE

RAKE
FAILS TO
DESENGAGE
OUE T0
WINDING
SHORT/OPEN
FAILURE OR
STRUCTURAL/
MECHANICAL
FAILURE.
(3) DRIVE
TRAIN

FATLURE
BEARINGS,
AR

GE

SHAFT KEYS.
(6) SHARE
CLUTCH FAILS

1O ENGAGE.
{5) SEI[IURE
PUT

BACKLP
CLUTCH.

1N PRIME MODES.
ARM WILL REMAIN

LIMP IF
PERFORMING AUTO
CAPTURE.

WORST CASE
UNEXPECTED
PAYLOAD MOTION.
TNCOMPLETE
CAPTURE /RELEASE
SEQUENCE .
UNABLE TO
RELEASE

REQUIRED.

REDUNDANT PATHS
REMAINING

masewsscsemanmna

T
INSPECTION POINTS ARE EMPLOYED AT VARIOUS STAGES OF
FABRICATION ASSEMBLY AND TEST, GOVERNMENT SOURCE
INSPECTION 1S THVOKED AT VARIOUS CONTROL LEVELS.

MIRE 1S PROCURED TO SPECIFICATION MIL-W-22759 OR MIL-W-81381
AND INSPECTED AND TESTED TO NASA JSCMBOSD STANDARD HUMBER 95A.

RECELVING INSPECTION VERIFLES THAT THE HARDWARE RECEIVED 1S AS
IDERTIFIED 1M THE PROCURENENT DOCUMENTS, THAT NOC DAMAGE HAS
OCCURRED DURING SHIPMENT AND THAY APPROPRIATE DATA HAS BEEN
RECEIVED WHECH PROVIDES ADEQUATE TRACEABILITY ENFORMATION AND
10ENTIFIES ACCEPYABLE PARTS.

PARTS ARE IMSPECTED THROUGHOUT MANUFACTURE AND ASSEMBLY AS
APPROPRIATE 10 THE MANUFACTURING STAGE COMPLETED. THESE
INSPECTIONS 1NCLUDE,

MAGNET VIRE 1S PROCURED YO M1L-W-583 AND CHECKED AT 1HCOMING
INSPECTION PER FEDERAL STANDARD J-W-1177 WHICH INCLUDES
?;&E:}:& PIN HOLES, SUBBLES, BLISTERS, AND CRACKS IN THE

ALL SOLDERING IS ACCOMPLISHED BY OPERATORS, WHO ARE
TRAINED AND CERTIFIED TO NASA IH!S}OO.&GIS STANDARD, AS
MODIFIED BY JSC OBB800A.

BEARENGS RECEIVE DIMENSLONAL INSPECTION AT THE SUPPLIER
AND VERIFICATION BY SPAR RECEIVING INSPECTION.
PRE-ASSEMBLY INSPECTION VER1FIES CIRCULARITY OF BALL
TRACKS AND INMER/OUTER RACE DIAMETERS. AFTER ASSEMBLY
PRIOR TO LUBRICATION, RADIAL CLEARANCE MEASUREMENTS ARE
TAKEN. FOLLOMING LUBRICATION, RUM-1N/BURNISHING AND
CLEANING OF DRY LUBE BEARINGS, SPECIALIZED BEARING
INSPECTION EQUIPMENT AT SPAR [S"USED TO VERLFY QUALITY AND
STICTION LEVELS THROUGH STRIP CHARY RECORDING OF TORQUE
TRACES. BEARINGS ARE THEM RETURNED TO THE SUPPLIER FOR
FINAL RADIAL CLEARANCE MEASUREMENTS. GOVERNMENT SOURCE
INSPECTION 1S ENVOKED OM ALL BEARING PROCUREMENTS.

GEAR INSPECTION, BEFORE GEAR LUBRICATION AND RUN-TW A
COMPOSITE ERROR GEAR CHECKER 1S USED TO VERIFY THAT INVOLUTE
FORM, PITCH CIRCLE COMCENTRICITY AND PITCH DIAMETER ARE T0
pRAWING REQUIREMENTS. THIS INSPECTION ALSO INCLUDES TEXTURE
EVALUATION. AFTER LUBRICATION, GEARS ARE VISUALLY [NSPECTED 7O
COMFIRM APPROPRIATE LUBRICANT APPLICATION AND GEARS ARE THEN
RUN-TM, CLEANED AKD VISUALLY INSPECTED.

CARPENTER 455 STEEL USED FOR THE MANUFACTURE OF {E.G.

GEARS) RECEIVES ADDITIONAL LABORATCRY INSPECTIONS WHICH

INCLUGE CHEMICAL ANALYSIS, INCLUSION RATING, HARONESS AND

;EIPIS{II.EDTESTIHG 10 VERIFY THE PROPERTIES OF THE MATERIAL
P . )

ASS'Y HOM T ERD ASS*Y p/N: STILOETG70-18-3 —  SHEET: __ 5

FMEA FMEA NAME, QTY, & FAILURE MODE FATLURE EFFECY HDWR / FUNC. RATLONALE FOR ACCEPTANCE

REF . Rev. | oraufng rée. AND oN 2R
DESIGHATION CAUSE END LTEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS

3630 2 MOTOR MODULE WODE : END EFFECTOR GA/INSPECTIONS
ASSEMBLY LOSS OF CANNOT CLOSE OR cemmssassesees
arr-1 P/N DRIVE 10 OPEN SMARES.
S1140E1473 SNARE LOSS OF UNMETS ARE MANUFACTURED UNDER DOCUMENTED QUALITY CONTROLS.
oR MECHANTSM. CAPABILITY TO THESE CONTROLS ARE EXERCISED THROUGHOUT DESIGH
51140E2203 CAPTURE OR PROCUREMENT, PLANNING, RECEIVING, PROCESSING, FASRICATION,

CAUSE(S): RELEASE PAYLOAD ASSEMBLY, TESTING AND SHIPPING OF THE UNITS. MANDATORY

e mAERELA RATE .

niL nrt A7

AppENYFD AY:

DATE: 24 JuL 9%

CIL REV: _2
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CRITICAL ITEMS LIST

PROJECT: SRMS

SYSTEM: MECHANICAL ARM SUBSYSTEM

ASS'Y NOMENCLATORE: ERD EFFECION _ AsS'Y p/E: - SHEET: __6
FMEA FMEA MAME, QTY, & FALLURE WODE FAILURE EFFECT HDWR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. orauinG REF. AND oM /R :
DESIGNATION CAUSE END ITEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3530 2 MOTOR MODULE MODE : END EFFECTOR
ASSEMBLY LOSS OF CANNOT CLOSE OR SHAFTS ARE DIMENSIONAL INSPECTED TO DRAWING REQUIREMENTS
QrY-1 P/N DRIVE 10 OPEN SNARES. THROUGHOUT THE MAMUFACTURING STAGES. FOLLOWING HEAT TREATMENT
5114061473 SNARE LOSS OF ‘THE SHAFTS ARE SUBJECTED TO MAGNETIC PARTICLE INSPECTION FOR
oR MECHANISH. CAPASILITY TO CRACKS.
51140£2203 CAPTURE OR
CAUSE(S): RELEASE PAYLOAD INSPECTION VERIFIES THAT KITTED PARTS ARE CORRECT PRIOR 1O
¢1) RIGIBIZE IN PRIME MODES. ASSENBLY AND TRACEABILITY INFORMATION RECORDED.
CLUTCH FAILS ARM WILL REMAIN
TO D1SENGAGE LINP IF INSPECTION TO DRAMING IS CONDUCTED THROUGHOUT THE ASSEMBLY
10 PERFORMING AUTO PROCESS, INCLUDING IMSPECTIOM OF LOCKING, WITNESSING OF
E',‘E“J,{?"‘" CAPTURE. TORGUING AND APPLICATION OF TOROUE STRIPING.
WINDINGS OR WORST CASE MOTOR MODULES ARE TESTED TO THE REQUIREMENTS OF
STRUCTURAL/ | ---=c-=-- SPAR-TM. 1624 MHICH YHCLUDES, COMTINUITY AND TSOLATION
MECHANICAL UNEXPECTED CHECKS, STICTION, COMMUTATOR TIMING, AMBIENT AND THERMAL
FAILURE, PAYLOAD MOTION. TESTING.
(2) SNARE INCOMPLETE (SPAR/GOVERNMENT REP. - MANDATORY INSPECTION POINT).
BRAKE CAPTURE /RELEASE
FAILS 10 SEQUENCE. INTEGRATION OF MOTOR MODULE TO END EFFECTOR LRU -
DI SENGAGE UNABLE 10 INSPECTIONS [NCLUDE GROUNDING CHECKS, CONMECTORS FOR BENT
DUE TO RELEASE OR PUSHBACK CONTACTS, INCONNECT WER1NG ETC.
WINDING PAYLOAD. CREM .
SHORT JOPEN ACTIOR PRE-ACCEPTANCE TEST INSPECTION, WHICH IRCLUDES AM AUDIT OF
FAILURE OR REQUIRED. LOWER TIER INSPECTION COMPLETION, AS BUILY CONFIGURATION
STRUCTURAL/ VERIFICATION TO AS DESIGN ETC., {(MANDATORY INSPECTION POINT).
MECHANICAL REDUNDANT PATHS
FALLURE. REMAINING A TEST READINESS REVIEW (TRR) WHICH INCLUDES VERIFICATION OF
G)oRIVE | --e-ec-oe-eo--- TEST PERSONNEL, TEST DOCUMENTS, VESY EQUIPMERT CALIBRATION/.
TRAIN SACKUP EE VALIDATION STAYUS AND WARDWARE COMFIGURATION 1S CONVENED BY
FAILURE NELEASE. QUALTTY ASSURANCE 1M COMJUNCTION WITH ENGINEERING
BEARINGS, RELTABILITY, CONFIGURATION CONTROL, SUPPLIER AS APPLICABLE,
GEAR AND THE GOVENMENT REPRESENTATIVE, PRIOR TO THE START OF ANY
iznr; :;‘;s. FORMAL TESTING (ACCEPTANCE OR QUALIFICATION).
) SN
CLUICH FAILS ACCEPTANCE TESTING (ATP) INCLUDES, AMBIENT, VIBRATION
10 ENGAGE. AND THERMAL-VAC TESTING, (SPAR/GOVERNMENT REP. - MANDATORY
g’:fnlﬁmi INSPECTION POINT)
BEARING OH SRMS SYSTEMS INTEGRATION, THE INTEGRATION OF MECHAMICAL ARM
BACKUP SUBASSEMBLIES AND THE FLEGNT CABIN EQUIPMENT TO FORM THE SRMS.
CLUTCH. INSPECTIONS ARE PERFORMED AT EACH PHASE OF INTEGRATION WHICH
INCLUDES GROUNDING CHECKS, THRU MIRING CHECKS, WIRING ROUTING,
INTERFACE COWNECTORS FOR GENT OR PUSH BACK COMYACTS ETC.
SRMS SYSTEMS TESTING - STRONGBACK AND FLAT FLOOR AMBIENT
PERFORMANCE TEST. (SPAR/GOVERNMENT REP. - MANDATORY INSPECTION
POINT)
PREPARED BY: MFUG SUPERCEDING DATE: 06 OCT 87 APPROVED BY: DATE: 24 JuL 91 CIL REV: _2
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CRITiCAL ITEMB LIBT

PROJECT: SRMS

SYSTEM: MECHANICAL ARM SUBSYSTEM
H: SITAOETL/0-TE-3

ASS'Y NOMENCL ATORE: END EFFECTON Ass*Y P/R: HEET: 7
FMEA FMEA | NawE, o1y, & FATLURE MODE FALLURE EFFECT HOMR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. prAVING REF. AND oN 2/
DESIGNATION CAUSE END 1TEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3630 2 MOTOR MODULE MODE: END EFFECTOR FAILURE HISTORY
ASSENBLY LOSS OF CANNOT CLOSE OR |  evemeemevme-na-
eTY-1 P/N BRIVE 10 OPEN SNARES.
S1140E1473 SHARE LOSS OF THE FOLLOMING FATLURE ANALYSIS REPORT(S) ARE RELEVANT:
or MECHAMISH. CAPABILITY TO
5114082203 CAPTURE OR
CAUSE(S): RELEASE PAYLOAD
(1) RIGIDIZE 1N PRIME MODES. EAR 3009:
CLUTCH FAILS | ARM WILL REMAIN S/M 208 MoV 78
10 DISENGAGE LINP IF
10 PERFORMING AUTO DESCRIPYION
SHORT/OPEN CAPTURE. | seed-aeeee-
CIRCUIT 1. RATE ERRORS (REFER 7O FAR-RMS-3011). 2. RDAI, RATE
VINDINGS OR WORST CASE DEHAND ERROR, DEFECTIVE U15 ON RATE COMPARATOR BO. FOUND SOLDER
STRUCTURAL/ | =--------=- SHEARS BETWEEW 1NPUT
NECHANICAL UNEXPECTED
FAILURE. PAYLOAD MOTION. CORRECTIVE ACTION
(2) SWARE INCOWPLETE = | = =mre--eeee-co-eee
BRAKE CAPTURE/RELEASE 1. REFER TO FAR-RMS-30%1. 2. REPL. U15, INSTR. OPERATORS
FAILS 10 SEQUENCE. ON WORKWANSHIP.
DISENGAGE UNASLE TO
DUE T0 RELEASE FAR 5007: )
WINDING PATLOAD. CREW S/N 202 MAY 79
SHORT/QPEN ACTTON
FAILURE OR REQUERED. DESCRIPYION
STRUCTURALY | | meeeecmeees
MECHANI CAL REDUNDANT PATHS RIGIDEZE CLUTCH FAILED TO OPERATE DUE 7O [NCORRECT ALIGNMENT
FAILURE. REMAINING 1N HOUSING
(3) DRIVE | -esn--ai-neeens
TRAIN BACKUP €E CORRECTIVE ACTION
FAILURE RELEASE. | = --eesesemmec-e-e-
gg::mcs, REPLACED CLUTCH CORRECTLY [N HOUSING
SHAFT KEYS. FAR 50082
{4) SNARE S/H 202 SEP 79
CLUTCH FAILS
TO ENGAGE. DESCRIPT ION
GSysequRe | 00000000 [ eeeseee-e--
OF 1NPUT FAILED 70 CAPTURE DUE TO BEARING FAILURES OF MPZ AND MP3
BEARING ON CLUTCHES
BACKUP
CLUTCH. CORRECTIVE ACTION
ECR 214,215,216 CHANGE TO WET LUBE. CHANGE ALL UNITS.
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CRITICAL ITEMB LIST

PROJECT: SRMS

SYSTEM: MECHAMICAL ARM SUBSYSTEM

-----——-———--—---—- "sst‘ "w : ‘ss.' Pl : e SHEE‘: 8
FMEA FMEA NAME, QTY, & FAILURE MDDE FAILURE EFFECT HDWR / FUNC. RATIONALE FOR ACCEPTANCE
REF. REV. oraulinG REF. AND oN 2/1R
DESIGNAT10M CAUSE END 1TEM CRITICALITY SCREENS: A-PASS, B-PASS, C-PASS
3630 2 MOTOR MODULE MODE : END EFFECTOR OPERAT[ONAL EFFECTS
ASSEMBLY LOSS OF CANNOT CLOSE OR AAAS Y ceeen-
arY-1 P/N DRIVE 10 OPEN SHARES.
S1140EWLTI SNARE L0SS OF EE DOES NOT OPERATE WOMINALLY WHEW COMMANDED. ARM REMAINS LINP
OR MECHANTSH. CAPARILITY TO UNTIL EE MODE SWITCH 1S TURNED OFF DURING AN AUTO CAPTURE
51140£2208 CAPTURE OR SEQUENCE .
CAUSE(S): RELEASE PAYLOAD
1) RIGIDIZE 1N PRIME MODES. CREW ACFLON
CLUTCH FAILS ARM WILL REMAIN caeemeeemaa
10 DISENGAGE LINP IF
10 PERFORMING AUTO FOR ANY OFF NOMINAL OPERATION OF YHE EE, THE EE MODE SWITCH
SHORT/OPEN CAPYURE. SHOULD BE TURNED OFF. ATTEMPT TO CAPTURE N THE ALTERNATE
CIRCUIT NODE. IF THE SNARES REMAIN OPEM, MANEUVER ARM AWAY FROM
WINDINGS OR WORST CASE PAYLOAD. IF VHE SNARES ARE PARTIALLY CLOSED, ATTEMP! RELEASE
STRUCTURAL/ USING A PRIMARY EE MODE. LF SWARES OPEN, MANEUVER THE ARM AWAY
MECHANTCAL UNEXPECTED FROM THE PAYLOAD, 1F SNARES DOW'T OPEW, ATTEMPT TO RELEASE 1N
FATLURE. PAYLOAD MOTION. BACKUP NODE. IF SNARES OPEN, WANEUVER ARM AUAY FROM THE
{2) SNARE 1NCOMPLETE PAYLOAD, MANEUVER ORBETER AWAY FROM PAYLOAD. 1F SHARES CANNOT
BRAKE CAPTURE /RELEASE BE OPENED, IN ANY MODE, EVA CAM BE USED 7O RELEASE THE PAYLOAD
FAILS 10 SEQUENCE. OR THE ARF/PAYLOAD COMBINATION CAM BE JETTISONED.
DISENGAGE UNABLE TO
DUE O RELEASE CREW TRAINING
WINDING PAYLOAD. CREW cmeememeasens
SHORT /OPEN ACTEON
FATLURE OR REQUIRED. CREV WILL BE TRAINED O RECOGNIZE OFF NOWINAL EE OPERATIONS
STRUCTURAL / AND TO MANEUVER THE ORBITER AVAY FROM A FREE FLYING PAYLOAD AT
WECHANECAL REDUNDANT PATHS ANY TEWE DURING ARM OPERATIONS.
FATLURE. REMAINING :
(3) ORIVE | =----se-----oee
TRAIN BACKUP EE NISSTION CONSTRAINT
FAELURE RELEASE . A —e—---
BEARINGS,
GEAR WHEN CAPTURING A FREE FLYING PAYLOAD, THE EE MUST BE FAR
SHAFT XEYS. ENOUGH AWAY FROM STRCUTURE TO PRONIBIT CONTACT REGARDLESS OF
(4) SHARE PAYLOAD ROTATIONS.
CLUTCH FAILS THE EE MODE SWITCH SHOULD BE PLACED BACK [N THE OFF POSITION
10 ENGAGE. IMMEDIATELY AFTER THE SPEC DRIVE TIME HAS ELAPSED.
(5) SELZURE
OF INPUT
BEARING ON
BACKUP OMRSD OFFLIME
cotiech. || emmmeememeee
VERIFY CORRECT TIME TO CLOSE.
OMRSD ONLINE EINSTALLATION
NONE
OMRSD ONLINE TURNAROUND
VERLFY CORRECT TIME TO CLOSE.
PREPARED BY: MEMG SUPERCEDING DATE: D6 OCT B7 APPROVED BY: DATE: 24 JuL 91 CIL REV: 2
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